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EQUILIBRIA    17!  FRACTIONS  OF   MfiTFYL  ALCOHOL 
WITH  HYDROCHLORIC   ACID  AND  WITH  HYDROBROMIC   ACID. 


This  work  is  the  beginning  of  a  study  of  tha  reversible  ra- 
actions  of  some  of  tha  simpler  organic  compounds,  with  a  view  to 
obtaining  thair  frae  energies.  In  organic  chemistry  in  particu- 
lar, reactions  in  general  are  slow,  and  it  is  of  great  practical 
as  wall  as  theoretical  importance,  in  the  case  of  attempting  to 
make  a  reaction  take  placa,  to  know  whether  it  fails  because  the 

velocity  of  the  reaction  is  insufficient,  or  whathar  the  reaction 

' 

has  no  tendency  to  go  in  the  desired  direction,  but  tends  on  tha 
contrary  to  go  in  tha  opposite  direction,  ' 

The  free  energies  of  only  a  faw  organic  substances  hava  as 

3  )  3  ) 

y  jt  ba^n  measured,  notably  methane,   carbonyl  chloriia,  '  uraa 

3)  «) 

and  ammonium  cyanata,   and  formic  acid. 

Tha  aquilibria  hera  maasurad  form  part  of  tha  experimental 
work  necessary  to  dat ermina  the  frad  energy  of  the  important  re- 
actions of  tha  alcohols.  The  reaction  of  hydrochloric  acid  and 
of  hyirobromic  acid  with  methyl  alcohol  is  vary  slow,  and  from 
four  to  six  days  heating  at  110°C  was  necaaeary  to  raach 

1 /  An  interesting  case  in  point  was  tha  attempt  of  chemists 
during  tha  war  to  find  a  catalyst  to  cause  "phosgene"  (carbonyl 
chloride)  to  polyraariza  to  n liphosgena"  (trichlormethylchlor- 
formata),  until  it  was  shown  that  "diphosgana, "  with  a  suitable 
catalyst  decomposed  to  phosgana,  whan,  of  course,  the  search 
was  abandoned. 

*)  Lewis  and  Randall,  J.  Am.  Cham.  Soc .  t  37,  l£g  (1915). 

Lewis  and  Burrows,  Ibid.,  ££,  1515  (1912). 
4)  Branch,  Ibid.,  J37,  2316  (1915). 
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equilibrium. 


im  sntal   Prog  3  dura  .     Squilibrium  raaaauramanta  on  tha 

~~          '  to 

reactions  CH,OH  +  HC1  CH3C1   +  HdO 

and  CE^OH  +  RBr    ^     CH3Br  +  HS0 

wara  mada  at  110CC  and  at  l#)aC.      Tha  tamparaturas  wara  nuasurad 

by  marcury  tharraomstars  which  had  baan  compared  at   tha  tamparatu»as 

usad,    with  a  calibrated  thermocouple.     Tha  maasuramants  at  110dC 

wsra  ma  da   in  a  small,    ^lactrically  haatad  tharmostat     with  a  mar- 

*•<-  .  an-  h;        i.e. 


cury  ragulator.  Mineral  oils,  and  latar  "crieoo"  wara  triad  as 
thermostat  liquids,  but  both  w^ra  abandonad  on  acco\int  of  the 
axcaesiva  charring  and  gumming,  aspaoially  on  long  continuad  use. 
Finally  a  mixtura  of  calcium  chlorida  and  zinc  chlorida  with  watar, 
nearly  saturatad  at  tha  working  temparatura,  was  triad  and  found 

vary  satisfactory,  tha  only  inconvanianca  baing  tha  nacassity  of 

ir    tU*  f:;riu 


v    avary  faw  days^    tha  watar  lost  by  avaporaticn.     Tha 
1^0°  tharmoetat  was  an  air  bath. 

*   fa  A       A***l  X-"         "  '•  ^  /*."»* 

'-I   -         j  *A<*  .;       -    --• 

Thj  tamparatura  in  tha  mix  ad  chloridas  variad  only  about  a 
tanth  of  a  dagraa  from  tha  maan,  but  tha  air  bath  variad  about 
half  a  iograa  from  tha  ituan  tamparatura.   In  both  casas  tha  maka 
and  braak  of  tha  ralay  took  place  about  once  in  two  minutas,  and 
tha  avaraga  tamparatura,  takan  ovar  a  short  timd,  waa  constant 
for  wajks.  Tha  larga  fluctuations  in  tha  ca»a  of  tha  air  bath 
is  probably  dua  to  tha  lag  in  tha  maroury  ragulator,  on  account 
of  tha  low  haat  conductivity  of  air,  but  sinca  tha  raaction  tubas 

'  Thj  halogan  acids  raact  vary  slowly  with  alcohols  in  comparison 
with  tha  oxy-aoide,  which  raact  raadily  forming  astars.  This 
is  not  dua,  howav^r,  to  graatar  stability  of  tha  product  formad, 
for  tha  oxy-acid  astare  also  hydrolyza  more  raadily  than  tha  halo- 
gan astars.  This  marfcad  diff  Branca  in  bahavior  is  axplainad  by  as- 
suming that  tha  f««t  raaction  of  tha  alcohol  is  that  in  which  it  ra- 
act s  as  an  acid,  and  tha  hy  drogan  of  tha  alcohol  combinas  with  tha 
hydroxyl  group  of  tha  oxy-acid,  whila  such  a  raaction  with  a  halogen 
acid  is  imrjossibla. 
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subject  to  a  lika  lag;  th^  temperature  ir  the  tubas  was 
probably  far  morj  nearly  conatant  than  that  of  tha  air.  Further- 
more, because  of  thd  failure  of  a  alow  reaction  to  respond  to 
rapi i  changes  of  t amparature,  rapid  fluctuations  rbout  a  maan 
t^mparatura  ar^  not  of  appreciable  significance. 

Mixtures  v,  jra  madd  up  of  tha  substances  involved  in  tha 
reaction,  saalad  in  glass  tubas,  and  haatad  until  aquilibrium 
was  attained.  Solutions  of  known  composition  wars  madd  by  mix- 
ing w^ighad  quantities  of  mathyl  alcohol,  watar,  and  hydrochloric 

(or  hydrobromic)  acid  solution  to  obtain  any  dssirad  mixtura. 

• 
Mathyl  chloride  (or  bromild)  was  not  addad  to  tha  mixturas  bdcausa 

of  tha  difficulty  of  controlling  and  measuring  its  cone ant rat  ion, 
owing  to  its  volatility. 

On  account  of  the  difficulty  of  analyzing  for  small  amounts 
of  methyl  chloride  or  bromida,  tha  concantration  in  the  aquilibriua 
mixture  was  datarminid  by  difference,  from  the  initial  and  final 
concentrations  of  acid.  This  assumes  that  tha  only  reaction,  or 
at  laast  the  chief  reaction,  is  ; 

CH^OH  -f-  HC1  =   CH3C1  -I-  H20 

(or  tha  corresponding  one  with  hydrobromic  acid),  and  that  a  mole- 
cule of  mathyl  chloride  is  formad  for  aaoh  molacule  of  hydro- 
chloric acid  used  up.  For  this  reason  tha  effect  of  ordinary 
glass  in  neutralizing  acid  had  to  ba  avoided,  and  "Pyrex"  glas 
was  us ad  throughout,  because  it  was  found  that  the  solution 
products  of  "Pyrax"  did  not  appreciably  affect  tha  acid  concan- 
tration. 

Tha  concantrations  of  th^  mathyl  alcohol  and  tha  watar  ware 
practically  constant  because  of  tha  small  number  of  mols  of 
aach  entering  into  tha  reaction,  relative  to  tha  amounts  present. 


To   simplify   tha    int 3rpratation  o*1   th  *  raaulta,    tha   ratio  of   the 
mathyl  alcohol   to   tha  watar  was  kept  constant   throughout  the 
work.      Bine  a  th3  fugacity  of  a  gas   ia  vary  nearly  aqual  tr   ita 

pressure,    or,    ir,  othar  words,    sine  a  gasas,    ani  avan  saturated 

iri  ?> !  ».r..i  afco^t 

vapor a,    at   low  pressures  vary  closely   obay  the  Mass  Law,   by 

nuaauring  tha  partial  vapor  praaauraa  of  alcohol  and  of  watar 
ovar   this  mixture  wa  can  calculate   tha  equilibrium  for  any  other 
mixture  provided  tha  vapor  praeeuraa  ovar   the  naw  mixture  are 
known. 

Tha  acid  concentration  was  aomatiraaa  maaaured  by  titration 
in  col  1  solution  with  tenth-normal  sodium  hydroxide,   and  aometimea 
by  ituaauring  tha  electrical  conductivity  of  the   solution. 

It  wsa  datarminad  by  preliminary    axparim^nta  that,    with  a 

giv^n  ratio  O-T  mathyl   alcohol   to  watar,    the   apacific  conduct iv- 

w  waa  ±c   bs  " "      c<si'     waa 

ity  of  tha   solution  containing  hydrochloric  acid  waa  quite  cloaely 

proportional  to  tha     concentration  of  hydrochloric  acid,    in  tha 

.  ^.^^  -   ^  fc—  1  ^.  j%   i  i    .  *»  ^j 

dilute  solutions  used.  Sinca  tha  initial  concent rat iona  of  thj 

\-      _          j*,^  **  -\   -^*»^\  <  ^  it  <  *•  \r 

solutions  wara  known,  tha  final  concentration  of  hydrochloric 
acid  coull  thus  aaaily  ba  obtained  by  maaauring  the  initial  and 
final  conduct ivitiaa  of  tha  solution.  This  method  waa  particularly 

ft  •/"-.*v- 

convaniant  in  that  tha  hydrochloric  acid  concentration  could  ba 
datarminad  at  any  stage  o'  tha  reaction  without  destroying  the 
reaction  mixture,  and  thus  it  could  be  aacartained  that  each  in- 
dividual mixture  waa  approaching  equilibrium,  by  the  approach  of 
it  a  conductivity  to  constancy. 

As  before  mentioned,  tha  calls  ware  mala  of  wPyrexM  glass 
on  account  of  tha  fact  that  it  nautralizee  tha  acid  much  laaa 
than  doea  aoft  glass,  and  it  was  found  possible  to  seal  platinum 


-5- 

slectrodas   into  tha   tubas,    in   spite  of  tha  considerable   diffar- 
anca    ir.   tha  coefficianta  of  expansion  of  the  platinum  and  the 
glase.      However,    in   aorna  of  tha  calls  it  waa  found  that  there 
was   Bomatiraas  a  vary   alight   laak,    eatimatad  in  one   experiment  to 
ba  about   0.04  co .    in  about   four  days  heating  at   110°C,    and  about 
two  atmosphsraa  diffarenca   in  prsasure. 

Whila   it    is  beliavad  that  most  of  the  carefully  made  calls 
did  not   laak,   to  avoid  tha  necassity  of  giving  a  rigoroua  taet 
to    jach  call,    aoma  of  tha  reaction  mixture  waa  put   in  aaoh  of 
thj  1 jad  "arms"   of  tha  call,    and  aaalad,    so  that  th3  praseura  on 
aach   ai '3 a  of  the  platinum  eaal  was  approximately  aqual. 

Th^  con iuotivitiaa  w^ra  not  takan  in  tha  tharmoatats  in 
which  tha  raaotion  waa  taking  placa,  bjcauaa  tha  t^mparatura 
control  was  not  good  enough  for  accurate  conductivity  measure - 
manti,   but  whan  ths  conductivity  waa  to  ba  takan  thj  cell  waa 
takan  out  of  thi  tharmostat  and  ooolad  quickly  to  pravant   fur- 
ther reaction.     Th^n  tha  atfalad  l^ada  ware  broken  opan,   marcury 
contacts  made  with  tha   slaotrodaa,    anri  tha  conductivity  maaaurad 
at  25°C,    with  tha   standard  conductivity  briOga.     Tha  conductivity 
m^aauramanta  thamsjlvaa  could  ba  mada  with  far  greater  accuracy 
than  waa  needed.     Whan  tha  msaauramant  waa  completed,    tha  leads 
wore  reeealad  and  th 3  csll  returned  to  the   tharmostat. 

In  the  caaas  where  the  reaction  mixturaa  were  titrated  for 
thi  remaining  hydrochloric  or  hydrobromic  acid,    it  waa  found 
njcjssary  to  cool   the  tubes   in  a  freezing  mixture  before  opening 
them,    to  prevent  loss  by  spattering,  because  at  room  tampsrature 
the   total  vapor  pressure  of  the  mixture   is  morj  than  an  atmoaphere. 
The  hydrolyaia  of  the  methyl  chlori  la  or  bromide  in  the   aolution 
during  tit rat  ion  is  too  slow  at   room  tampjratura  to  causa  appre- 
ciable  arror 
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TABLE    I. 

Msaauramints  on  Ejection  of  Methyl  Alcohol   with  Hydrochloric  Acid, 

110°C,      0,914  mole  alcohol  /mol  HS0. 


iixpt  .        Initial   cone.    HC1          Final  cone.    HC1 
No.      mole/1000  gm.  solution,    mols/1000  gm.sol. 


1 

0.0313 

0.0283 

2 

0.0^4 

0.0366 

4.32 

3 

0.0669 

0.0545 

4.16     &? 

4 

0.0657 

0.055? 

4.19 

5 

0.1039 

0.0789 

4.02 

Mean  of  Constant 

4.24 

o 

"NO. 

Tjmpsratura  140 

Initial  cone.   HC3. 
mols/1000  gm.  solution 

Final  oonc. 
mols/1000  gm. 

,  aciytipn 

HC1            MgCl 
8olution(HCl  ) 

i 

0.0756 

0.03S3 

25.4 

2 

0.1000 

0.0^7 

26.0 

3 

0.1442 

0.05S1 

25.5 

Maan  of  Constant  25.6 


. 
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TABLS   II. 

on     Reaction  of  Mathyl  Alcohol  with  Hydrobromic  Acid. 
T^mparaturs   110WC.      0.914  mole  r?uthy3    alcohol/mol  H£0. 
Initial   ccnc .   HBr  Final  cone,    HBr  MaB.r 


No.        mols/1000  gm.    solution 

mols/1000  gm.  solution 

(HBr)* 

1                          0.0372 

0.0363 

0.667 

2                          0,0909 

0.0662 

0.633 

3                         0.1834 

0.1652 

0.667 

Maan  of  Constant 

^  .»ft|«  wtrtUud  b, 

0.662 

T.smpjraturs  14C°C 

fixpt.          Initial  cone.   HBr 
No.        raola/1000  gm.    solution 

Final  cone.   HBr 
mole/1000  gm.  solution 

MaBr 

(HBr)8 

1                          0.0372 

0.0339 

2.67 

2                          0.0909 

0.0662 

2.  66  tear 

3                         0.1634 

0.1366 

2.51 

Maan  of  Constant  2.66 
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Discussion  of  Raaulte.   In  Table  I  ars  given  tha  raaulta 
of  equilibrium  measurements  made  with  th-cs  hydrochloric  acid 
aoluticns.  Cone antrat ions  -<ra  in  mola  p^r  thousand  grama  of 
solution.   Th>J  experiments  war  a  lone  in  duplicate,  and,  in 
general,  each  number  in  tha  table  repraaanta  tha  maan  of  dupli- 
cate iatarminaticna.  Aa  bafora  atatad,  the  mathyl  chloride 
concentration  has  bean  taksn  as  equal  to  tha  diffarjnoa  between 
tha  initial  and  final  concentrations  of  the  hydrochloric  acid, 
axcapt  for  a  small  correction  for  acid  neutralized  by  the  glaoa. 

It  is  notable  that  tha  quantity  C^JQ^/C*HC1  ia  practically 
constant,  Ther-j  ap-c^ara  to  be  a  slight  trend  in  the  constant, 
especially  in  tha  valuaa  on  hydrochloric  acid  at  110°G,  tha 
larger  values  appearing  in  tha  more  dilute  solutions.  This 
might  b  3  explained  by  assuming  that  in  tha  more  concentrated 
solutions  trus  equilibrium  waa  not  quite  attained  because  the 
3xt3nt  of  tha  reaction  nacasaary  to  attain  equilibrium  ie  greater 
both  relatively  and  absolutely ,  in  the  more  concentrated  solu- 
tions.  How ever x  the  reactions  were  followed  by  tha  conductivity 
method  and  tha  reaction  adjudged  complete  only  when  there  was  no 
furthjr  change  of  acid  concentration,  as  maaaurad  by  the  con- 
ductivity. Tha  noticeable  trend  occurs  especially  in  tha  vary 
dilute  solutions,  whara  the  difficulty  of  accurate  analysis  and 
tha  uncertainty  in  the  correction  for  acid  neutralized  by  the 
glass  ar*  both  accentuated,  and  it  is  not  daamad  desirable  to 
assume  that  the  trend  is  a  raal  ona without  further  experiments. 

At  tha  cone antrat ions  used  tha  vapor  pressure(and  hanoa  the 
fugacity)  of  the  mathyl  chloride  ia  almost  certainly  proportional 
to  tha  concentration  of  mathyl  chloride,  and  hanca  tha  vapor 
pressure  of  tha  hydrochloric  acid  from  tha  solutions  usad  is 


sJ 
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approximataly  proportional  *o  tha  square  of  its  concentration, 
juet  as  id  tha  casa  in  dilute  water  solutions  of  hydrochloric 
acid.   Thia  is  not  surprising,  considering  ths  fact  that  tha 
mci  fraction  of  watar  in  tha  solution  ie  greater  than  one  -half, 
and  mathyl  alcohol  aa  a  solvent  is  quit  a  similar  tc  watar. 

Tha  acova  liscuaaion  applies  equally  wall  to  tha  raaulta  on 
tha  reaction  of  mathyl  alcohol  with  hydrobromic  acid,  which  ap- 
pjar  in  T^bla  II. 

Tha  aquilibrium  constant  is  much  larger  at  tha  highar  tam- 
pjratura,  iniicating  a  large  absorption  of  hjat;  ae  tha  raaotion 

from  laft  to  right.  From  tha  raeulta  at  thj  two  tampara- 


turae,  wa  can  calculate  tha  haat  of  tha  raaction  by  tha  van't 

. 

Hoff  Equation,     d  In  K     .AH  1 

•IT    "   W*  '  4'-** 
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whare  AH  ie  t1;  a  incraaea  in  haat  content. of  tha  eyatara,  or  tha 
negative  of  tha  Wh3at  of  raaction11  at  constant  pregeure.  Thus 
wa  calculate  for 

CH^OH  +  HC1     *   CHSC1      *  HS0;      AH  «  *  17600  cal. 
and  for  CH,OH  >  HBr    -    CH3Br     ->•  H£0;      AH  m  +  13000  cal. 

In  tha  above  raactions  all  tha  subatancaa  ara   in  solution. 
AH  for  tha   firat  raaction  was  calculated  from  the   tharraochamical 
data  of  Thomson  and  Barthalot,    and  found  tc  be  17000  calories, 
a  much  closar  agraaraant  than  could  be  expected.     For  tha  aacond 
raaction  auffioient   data  ware  not  found  to  calculate  this  haat 
from  tharmochamical  maaauramanta, 

O  This    aquation  is  strictly  applicable  only  under  tha  conditions 
that    the  pressure   ia  constant,      In  tha  axparimantal  wo a 
pressure  was  aqual   to  tha  total   vapor  preaaure  and  was  - 
not   constant.     But   tha  differ ance,    aven  in  the  axt rama  case  in 
which  tha  volume     was     Vapt  constant  wovl '1  be  negligible     a 
voluma  change   in  this  ranction,    as   in  most   raactiona  not    involving 
gases,    is  very   small. 


It    is  proposed  in  tho  n^ar  futura  to  axtjnd  this  work  and 
calculate  th3   frcj.2  •jnary  of   thasa  and  of   ethar  reactions, 


BWilRt. 

ISquilibriura  rruasurara^nte  hava  baan  madia  on  tha  reactions 

CH^OH  +  HC1    ^      CH$C1   +  HS0 

and  CH3OH  +  HBr    =.     CH3Br  +  H80 

with  a  visw  to  obtaining  ths  frsa  ansrgiae  of  thaaa  r^aotione. 

Th  3  concentration  of  mathyl  halida  divided  by  tha    aquara 
of  tli3  concentration  of  halogan  acid  is  found  to  be  constant, 
indicating  that   tha   vapor  praaeura  of  halogan  acid  from  tha 
solution  is  proportional  to  ths  aquara  of  it  a  concentration. 

From  ffiiftsuraraants  at   two  tampJraturaa  thd  changa  in  haat 
content   has  baan  datorminad  for  th  3  two  raactiona;   for 

CH3OH  +  HCX  CR3C1   -»•  HsO<r     AH  «  *  17600  cal  .  ; 

for  CH3OH  +  HBr  ,^     CH9Br  +  HS0;      AH  *  +  13000  cal. 

I  wish  in  conclusion  to   axprdsa  my   indabtadnaas  to  Dr.   G. 
L^wis  and  Dr,   G.  3.   K.   Braftcli,    undar  whosa  direction  tha  work 
was  carriad  out,    and  to  Dr.   W.    C.  Bray,    for  valuable  halp  and 
criticism. 


RETURN     CHEMISTRY  LIBRARY 

TO^^      1 00  Hildebrand  Hall  642-3753 


LOAN  PERIOD  1 
TD 


MONTI- 


ALL  BOOKS  MAY  BE  RECALLED  AFTER  7  DAYS 
Renewable  by  telephone 

DUE  AS  STAMPED  BELOW 


UNIVERSITY  OF  CALIFORNIA,  BERKELEY 
FORM  NO.  DD5,  3m,  12/80          BERKELEY,  CA  94720 


